Temperature-modulated diversity of TRPV4 channel gating: activation by physical stresses and phorbol ester derivatives through protein kinase C-dependent and -independent pathways.
The TRPV4 calcium-permeable channel was cloned from mouse kidney M-1 cells, and the effect of temperature modulation on channel gating/activation by physical and chemical signals was evaluated. A TRPV4 cDNA construct with a C-terminal V5 epitope was stably transfected into human embryonic kidney (HEK) 293 and Chinese hamster ovary cells resulting in high levels of expression at the plasma membrane. Channel activation was assessed from changes in calcium influx (fura-2 fluorescence measurements) or whole cell currents (patch clamp analysis). At room temperature (22-24 degrees C), exposure of TRPV4-transfected cells to hypotonic medium (225 mOsm/liter) or a non-protein kinase C (PKC)-activating phorbol ester derivative, 4alpha-phorbol 12,13-decanoate (100 nm), induces modest channel activation, whereas phorbol 12-myristate 13-acetate (100 nm), a PKC-activating phorbol ester, and shear stress (3-20 dyne/cm2) had minimal or no effect on channel activation. In contrast, at elevated temperatures (37 degrees C) the channel was rapidly activated by all stimuli. Inhibition of PKC by calphostin C (50 nm) or staurosporine (500 nm) abolished phorbol 12-myristate 13-acetate-induced activation of the channel without affecting the response to other stimuli. Ruthenium red (1 microm) effectively blocked the channel activity by all stimuli. It is concluded that temperature is a critical modulator of TRPV4 channel gating, leading to activation of the channel by a diverse range of microenvironmental chemical and physical signals utilizing a least two transduction pathways, one PKC-dependent and one PKC-independent. The convergence of multiple signals and transduction pathways on the same channel indicate that the channel functions as a molecular integrator of microenvironmental chemical and physical signals.